The average.of.normals quality-control method is examined mathematically. Two modifications are proposed. After modification, the essential unchanged feature of the method is the idea of censoring the laboratory test results so that only means of test values inside the normal range are plotted on the quality-control chart. Several limitations of the modified method are discussed, and I conclude that, although censoring does improve the probability of detecting drift, more statistical research and further modifications are needed before the average-of-normals method will be useful for quality control in the clinical laboratory.
Q UALITY CONTROL charts based on control samples have been used routinely in the clinical laboratory for some time (1, 2) . More recently, several writers have advocated methods for monitoring the routine precision of a laboratory test by using results from patient data (3-6). My purpose is to present a mathematical evaluation of one of these procedures, the average-of-normals I propose is that each average should be computed from the same number of tests. Since the standard deviation of the mean is equal to the standard deviation of the individual test results divided by the square root of the number of tests which make up the mean, if this number varies from one plotted point to the next, the relative positions of the points are not meaningful.
The object of plotting points on a control chart is to detect a trend as early as possible. Plotting of means made up of different numbers of tests introduces an extraneous source of variation that is likely to obscure any trends that are present. 
MathematicalModel
The probability density function (p.d.f.) of a mixture of three populations is denoted by
where f1(x) is the p.d.f. of the abnormal low population; f2(x) the p.d.f. of the healthy population; f3(x) the p.d.f. of the abnormal high population; and in, ira, and 1r3 are the proportions in which the three populations occur, with lrl+7r2+7r31 (2) Even though each population is assumed to have a Gaussian p.d.f., the test values which make up an A-O-N mean have not. This is because a test result, x, is included in the mean only if it is in a prespecified interval, a < x < b (i.e., in the laboratory's normal range). The p.d.f. of a test result from one population is depicted in Fig. 1 . 
In contrast to the Gaussian p.d.f., which is normalized so that the area under the curve (and above the horizontal axis) from -to is unity, the integral from a to b of the truncated Gaus-
In the typical laboratory situation, we cannot say from which of the three populations a test result is derived so we are, in fact, sampling from a mixture of three populations.
The p.d.f. of such a mixture is depicted in Fig. 2 .
Eleven parameters are needed to characterize this p.d.f. of mixtures.
They are denoted a, b, ,L, cr, ir1, 122, cr2, in, and 123, a3, Respectively, these are the lower and upper end points of the estimated normal range and the means, standard deviations,
and proportions relative to unity of each of the three truncated Gaussian distributions. Formulas were derived for the mean and standard deviation of a p.d.f. of mixtures of three truncated Gaussian distributions.
With this mean and standard deviation, the central limit theorem was applied to determine the p.d.f. of an A-O-N value. This p.d.f. was used to evaluate the probability that an A-O-N point is below the lower control line of the control chart or above the upper control line of the control chart (out-of-lirnits)--i.e., the probability that an A-O-N mean, x, is below the lower control line is
'I/n,, 
Discussion
The A-O-N method of quality control has similarities to the Shewhart control chart method used in monitoring industrial production of a uniformly manufactured product. The A-O-N method, however, differs in at least two aspects:
(a) The number of tests in the normal range Probabilities are derived from a mixture of three probability distributions having means is the importance of not using the laboratory's own normal range to estimate 12 a. In the next section, I assume that consistent estimates of 12and a are used, based on the laboratory's own past data; we are therefore able to study the more realistic model for glucose.
Effect of Censoring
If the above modifications are adopted, an essential aspect of the A-O-N method which remains is the censoring of test results so that, when one is computing A-O-N means, only those values inside the normal range are used. But is it necessary to censor? If censoring is used, should it exclude all test values outside the normal range or are other censorship intervals more appropriate? Consider our mathematical model of serum glucose in mg/100 ml. We assume as before that there are three populations from which random samples are being drawn and all three have Gaussian p.d.f.'s. The healthy population has 122 = 90, a = 10, and in = 0.6. The abnormal low population has 121 = 50, c = 15, in = 0.1, while the abnormal high population has 123 = 130, cr3 = 20, and ir3 = 0.3. Since a and b are no longer used to estimate 12 and a but merely to censor test values before means are computed and plotted, they will be denoted by Suppose that, after control lines have been established, the chemical process begins to deteriorate, and whereas the true means before deterioration are 50, 90, and 130 (and the control limits were established by samples obtained from p.d.f.'s having these mean values), there is a downward drift so that the means become 49, 89, 129, then 48, 88, 128, etc. 
